Studies on bacteriophage T7 DNA synthesis in vitro. II. Reconstitution of the T7 replication system using purified proteins.
DNA synthesis in vitro using intact duplex T7 DNA as template is dependent on a novel group of three phage T7-induced proteins: DNA-priming protein (activity which complements a cell extract lacking the T7 gene 4-protein), T7 DNA polymerase (gene 5-protein plus host factor), and T7 DNA-binding protein. The reaction requires, in addition to the four deoxyribonucleoside triphosphates, all four ribonucleoside triphosphates and is inhibited by low concentrations of actinomycin D. Evidence is presented that the priming protein serves as a novel RNA polymerase to form a priming segment which is subsequently extended by T7 DNA polymerase. T7 RNA polymerase (gene 1-protein) can only partially substitute for the DNA-priming protein. At 30 degrees C, deoxyribonucleotide incorporation proceeds for more than 2 hours and the amount of newly synthesized DNA can exceed the amount of template DNA by 10-fold. The products of synthesis are not covalently attached to the template and sediment as short (12S) DNA chains in alkaline sucrose gradients. Sealing of these fragments into DNA of higher molecular weight requires the presence of E.coli DNA polymerase I and T7 ligase. Examination of the products in the electron microscope reveals many large, forked molecules and a few "eye"-shaped structures resembling the early replicative intermediates normally observed in vivo.